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MATERIALS AND METHODS
1.1.	Materials
mPEG (number-average molecular weight (Mn) = 5000 g mol−1) and methyl thiazolyl tetrazolium (MTT) were purchased from Sigma-Aldrich (Shanghai, P. R. China). 1-Ethyl-3-(3-dimethyl aminopropyl carbodiimide hydrochloride (EDC·HCl), 4-dimethylaminopyridine (DMAP), and N,N-dimethylformamide (DMF) were purchased from Aladdin Agent Co. (Shanghai, P. R. China). As shown in Scheme 1, the dual-amino-terminated macroinitiator mPEG-(NH2)2 was synthesized through the condensation reaction between the dual-hydroxyl-terminated mPEG and t-Boc-protected L-phenylalanine and the subsequent deprotection (Ding et al., 2011). L-Leu was obtained from GL Biochem. Ltd. (Shanghai, P. R. China), and L-Leu NCA was prepared according to the previously reported protocol (Ulkoski and Scholz, 2018;Grazon et al., 2021a). DMF was dehydrated with calcium hydride (CaH2) for 72 h and subsequently distilled in a vacuum. Doxorubicin hydrochloride (DOX·HCl) was purchased from Huafeng United Technology Co. Ltd. (P. R. China). All the other chemicals were obtained from Sigma-Aldrich (Shanghai, P. R. China) and used directly. The deionized water was prepared through Milli-Q water purification equipment (Millipore Co., MA, USA).
Clear 96-well tissue culture polystyrene (TCP) plate was obtained from Corning Costar Co. (Cambridge, MA, USA). Mouse fibroblast cell line L929 and human hepatocellular carcinoma cell line HepG2 were purchased from Shanghai Institute of Biochemistry and Cell Biology, Chinese Academy of Sciences (Shanghai, P. R. China).
Dulbecco's modified Eagle's medium (DMEM) was purchased from Dalian Meilun Biotechnology Co., Ltd. (Dalian, P. R. China). Fetal bovine serum (FBS) was obtained from Tianjin Kangyuan Biotechnology Co., Ltd. (Tianjin, P. R. China). Trypsin-ethylenediaminetetraacetic acid (EDTA) solution and penicillin-streptomycin liquid (penicillin: 10,000.0 U mL−1, streptomycin: 10.0 mg mL−1) were purchased from Solarbio (Beijing, P. R. China).
The BALB/c nude mice were bought from Beijing Vital River Laboratory Animal Technology Co., Ltd. (Beijing, P. R. China). The animal experiment in this study was approved by the Institutional Animal Care and Use Committee of Jilin University (Changchun, P. R. China).
1.2.	Synthesis of Methoxy Poly(ethylene glycol)-(Poly(L-leucine))2
As shown in Scheme 2, the designed Y-shaped co-polypeptides methoxy poly(ethylene glycol)-(poly(L-leucine))2 (mPEG-(PLeu)2) was synthesized by the ring-opening polymerization (ROP) of L-Leu NCA with the dual-amino-terminated mPEG-(NH2)2 as a macroinitiator according to the previously reported protocol (Li et al., 2017;Mostoufi et al., 2019;Grazon et al., 2021b). Typically, the water in mPEG-(NH2)2 was removed by the azeotropic distillation with toluene at 120 °C. After the complete removal of toluene, the solution of L-Leu NCA in DMF was added. The reaction was performed at room temperature for three days. Then, the mixture was precipitated in diethyl ether. After filtration, the obtained solid product was re-dissolved in DMF and re-precipitated in diethyl ether. The dissolve-precipitation cycle was repeated three times, and the product was dried to constant weight before using. 
1.3.	Characterizations
Proton nuclear magnetic resonance (1H NMR) spectra of the macroinitiator mPEG-(NH2)2 and mPEG-(PLeu)2 were detected on a Bruker AV 500 NMR spectrometer (Bruker Biospin Inc., Ettlingen, Germany) in deuterated trifluoroacetic acid (TFA-d). Fourier transform infrared (FT-IR) spectra were determined on a Bio-Rad Win-IR instrument (Cambridge, MA, USA) through the potassium bromide approach.
1.4.	Preparation and Characterization of Doxorubicin-Loaded Co-Polypeptide Micelles
Similar to the standard protocol for drug encapsulation by polymer micelles, the DOX-loaded mPEG-(PLeu)2 micelles (mPEG-(PLeu)2/DOX) were prepared by nanoprecipitation (Sabra et al., 2018;Sahoo et al., 2019;Zheng et al., 2020). Briefly, the co-polypeptide (20.0 mg) and DOX·HCl (4.3 mg) were dissolved in 2.0 and 0.5 mL of DMF, respectively, and mixed thoroughly. After being stirred at room temperature for 2 h, the mixture was added into 10.0 mL of 0.001 M phosphate-buffered saline (PBS) dropwise. The obtained solution was stirred at room temperature for another 5 h and subsequently dialyzed with deionized water for 24 h to remove the unencapsulated DOX and DMF through a dialysis tube of molecular weight cut-off (MWCO) at 3500 Da. During dialysis, the medium was replaced every 2 h, and mPEG-(PLeu)2/DOX were obtained by lyophilization.
To determine the drug-loading content (DLC) and drug-loading efficiency (DLE), mPEG-(PLeu)2/DOX was dissolved in DMF, and the content of drug loaded in the micelle was detected by high-performance liquid chromatography (HPLC) (Waters e2695 HPLC system; Waters, Milford, MA, USA). The DLC and DLE of mPEG-(PLeu)2/DOX were calculated by Equations (1) and (2).
						(1)
						(2)
1.5.	Doxorubicin release in vitro
The DOX release behaviors of mPEG-(PLeu)2/DOX were assessed against 0.01 M PBS at pH 7.4. Briefly, 2.0 mg of mPEG-(PLeu)2/DOX was dissolved in 10.0 mL of PBS and transferred into a dialysis tube with MWCO of 3500 Da. The laden dialysis tube was put into 100.0 mL of PBS to start the release assay in the conditions of 75 rpm shock and 37 °C, mimicking the circulation environments in vivo. At a predetermined point in time, 2.0 mL of release medium was taken out, and an equal volume of PBS was added. HPLC detected the cumulative DOX release.
1.6.	Statistical Analysis
[bookmark: _GoBack]All the statistical data were repeated at least three times and represented as mean ± standard deviation (SD). Statistical analysis was performed by GraphPad Prism 8.0.1 for Windows. *P < 0.05 was recognized as a significant difference, and **P < 0.01 and ***P < 0.005 were considered as a highly significant difference.
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